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. (Graaff, and Fram in 1943 (22).
et al. (7) found that both X-rays and .-
eathode rays have & lethal effect on a .’

.Eﬁeci of ngh Volfuge X—Ruys und Caihode Rﬁys &
“on Vliumlns (Nlﬂcm)

Results of ea_é_tens_ive_'tes'ts'i:sing thrée mi[!ipn-’voit radiations _
from Van de Graaff-type generstor to irradiate. pure solutions'
. of niacin are presented in First reporf. 'published on subiect'_-.

- By BERNARD E. PROCTORT and SAMUEL A GOLDBLITHI

Department of Food Technology
. M assivchusetts Institute of Technology, Cambmdge. M a.smchuaetts

A NUMBER of investigators have shown
that X-rays and cathode rays have a .

lethal effect on microorganisms (18-20,
24, 30). The possibility of utilizing
X-ray exposures in sterilizing foods was
demonstrated by Proctor, Van de
Dunn

number of bacteria, yeasts, and molds,
and they successfully pasteurized milk
with the use of cathode rays.

‘radiations have potentialities as a

means of processing foods, information:

is essential concerning their effects on

vitamins, enzymes, and other nutrients

in foodstuffs.

The present paper deals ‘with the
effects of hard X-rays: and cathode

rays produced at three million volts
on - pure.

X-rays on vitamins, namely, on ascorbie

acid (i), p-aminobenzoic acid (£5), and -

thiamine (8). In these instances the

investigators used soft X-rays pro-

. *From a paper presented before the Division
of Agricultnral and Food Chemistry of the
American Chemical SBociety, at its 1i3th na-

tional meeting in Chieago, Illinols cn April 19,

1948, .
: t Director, S8amuel Cate Prescoit Labora-:
tories of Food Technology. . .
tJoe Lowe Graduate TFellow in Food

- Technology.
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- niacin, _
" ations, the advantage: of using high-

If such"

solutions: of niacin: The.
authors know of only three published
reports on the quantitative effects: of-

d_ucedja,t i'ela,tively low voltages, 200kv. -
or lésg; No ‘published reports have -
heen found on the effect of X-rays on’
‘As compared with soft radi-

voltage X-rays is their greater degree
of penetration. - In other words, as the -
voltage: increases, the wavelength di- ..
minishes and the dépth to' which roent-
gen rays penetrateé matter inercases
beeanse of the progressive reduction: of |

. both the photoelectric and the Compton

seattering provesses of absorption.’

- Niaein is a relatively stable molecule.
The pyridine: ring . is noted for its
aromaticity and is resistant to oxida«
tion.. Information on the oxidation of

“sither pyridine or niacin is lacking.. It S

has been cleatly indicated by other in-
vestigators, however, that the action of .

. X-rays and cathode rays on other com- -

" pounds appears to be one of oxidation
{18-14) or of reduction (2, 3, 11), de~ - -

“pending . -on - the. 0x1dat1011—1'educt10n :

potential. - Warburg, has  shown,’ by
ultraviolet absorption spectra, that it
is- possible 'to. reduce the niacin in .

coenzyroe IT by chemical means (29). - ;

Ordinary heat processing hias little effect
on the niacin in foodstufis (8).

.~ -Niacin is part of the coengymes I and
IT and mway have significance from a ..

clinical standpoint in the treatment of-
cancer. :

'NUCLEONICS-




. - TABLE 1 BT
Effect of High- Vo[tage X- Rays on’ Pure Solutions of U.S. P N:acm .

Concentration.. ... .

Volume irradiated. .

........... 100Gy /ml

. 3mi

Voltage.......... i 3 megavolts .
N'iqc‘in;
I : Conceniration
Time of- Dosage . afier
P C; urrent’ Irradiotion. Total : Rate - Irradiaiion
Sample mtcroamperes seconds roenigens . r/sec ) s /b
I 230 193 125,000 o848 . 104
G 190 424 250,000 580 S 04
C 240 5456 - 375,000 688 S 108
B 240" 625" 500,000 : 800 - - . - C 102
- F 200 1800 850,000 . 473 105 ¢ -,
L " Control ceee o . . 104*
# Not irradisted- o : e
“Apparatus - ‘adapter, 3.2 cm below the target. .~ The. e

. A Trunip- generator ~operating = at

‘three million volts (23, 26, 27), utiliz-
ing the pressure-insulated electrostatic
principle of Van de Graaff, was used

. for the production of these radiations,
A specially designed X-ray tube was

uged, which was provided- with o
window of thin aluminum to close “off

. the tube so that a vaeuum could be

maintained. Electrons were incident
on & water-cooled gold target, 0.25 inch
in.thickness. The roentgen rays were

transmitted in the direction of the.

electron ‘stream to the sample being

Jrradiated, 3.2 cm below. The X-rays

obtained Vaned in wavelength from

0.004 to 0.06 AU, with g m&mmum

intensity at 0.008 A U.

Samples to be irradiated by X—ra.ys
were placed in small, eylindrieal, stain-
Iess steel plates sunﬁar to Petri dishes.*

" These dishes were. 0.8 em high and

2.9 ¢m in diameter. The covers weré
0.5:em in depth and 3.0 em in diameter.

The. dishes were placed in a small

* Contiol tests with gléss dishés indicated
that the metal coniainers, which' were moré ™

convenient. to use, played no réle in the changes
ohacrved with niaein during irradiation.

NUCELEONICS

capacity of the dlShES was slightly
under 3 ml. : :
For cathode-ray 1rrad1at10n the gold-

target was removed from the path of
The “electrons: passed.” - =

the electrons. .
through the thin aluminum window,. .

and cathode rays (beta rays) emerged.. ' |
The sample was placed in the. certer.-
of the base of a larger, stainless steel

cylinder, 4 inches in diameter, 50 cm-
helow the aluminum plate, -~ The tover |
of the dish used for cathode-tay: ex:" -
posure was made of thin aluminum and: -
_was 0.5 em high'apd 3 em in diameter. -
The dosages: given are expressed in;
roentgens, based on 1omzat10n of air: .

Methods of Assay Used

Niacin was -determined photomefrie. S

cally (16) in a Cenco. Photelometer by
& modification of the Mueller and Fox-
method (21) invelving the reaction of
niacin’ with eysnogen: bromide and .
ammonium  hydroxide.. This method -
was found: to be rapid and ‘accurate
and to give reproducible results.

Reduced ascorbic acid was defer-

mined photometrically, in an Evelyn
colorimeter, by the method of Hoeh-

3-




: * determined

-+ niaein (Table 1).

berg; Melmck a,nd Oser (1 7)

Ultraviolet absorption- spectra, were:
in a Beckmar - speetro-
Readings were made ab.
infervals of 5 mu-exeept at the peaks, :

" photometer.

in whlch ease the mtervals were. 1mp:

Experlmental

Eﬁ’ects of dlﬁ'erent dosages of h:gh_ L
voltage X-rays on niacin in pure solu--

fion:

used. in” this and subsequent experi-

merits. - Dilutions were made with dis-

tilled water, when necessary. .
Niacin concéntration 100 m[crograms

 per'ml.. Samiples of the stock solution -
(3 ml each). were. pipetted into - the-
Xeray: -dishes . déscribed above and -
" exposure. distes and -irradiated:” by - '

" irradiated for varying periods: of tnne,
to obtain total dosages of from: 125,000
to 850,000 v (roentgens} After 1rrad1—

ation, the samples were assayed - for.
‘Ultraviolet absorp-
t1on spectra ‘Weré run’ on an umrrach- .

" Percent retention

CFIG. 1.

A stock sqution of U S P maem i .
absolute ethanol containing 100 miere- -~

" grams of niacin per ml was made and . COJ :
" sample frradiated for 850,000 r.

" to 1,000,000 .

00
80
BOF:
aol
ol

760 . 900

_ 500
- Dosage of XToys- {roentgens x 10007
Tfect of different dosages of. '

Iugh-voltage X-tays on retention of niacin '
in pure solutmn (50 ’r/ml) <

. SbO_I

“ated C’oh'tfol 's'ample'a;nd an iéeﬂti'cal_' L
Both:

samples . had ~the . same absorp’mon

- spectra:.

- Niacin coacentra’uon 50 mlcrograms

Cpefml Samples (2.5 ml each) of a.
solutmn of nigein containing 50 micro-

‘grains per ml were pipetted into several

X-rays in dosages varying from 50,000:

The irradiated samples
“and & control sampie were then assayed
fér niscin by the method outlined pre- -
‘viously. . The irradiation datw and the. -

; R : TABLE 2 . - .
EFfect of DrFferent Dosages of ngh-VoItage X Rays on Pure Solu’uons oE Nlacln .
© . Coneendration ..t il il 50 'y/ml o
Volume 1rra.d1a.ted. R 2.5 mi _
Voltage ...... e 3 megavolts el
_ " Niacin after. =
S o : Irradiation
- Current” Time of Dasage : —
- L mdero- . Irradiation Total . Rm‘,e__' C’oncentmtwn Refention
s _:Sample_ v gmperes T sec * o roentgens . r/sec . .'y/ml-- L _%_- ;
G a0 88 50,0000 589 o 50.0 100.0-
1 80 169 .. 160,000 : 50107 <L 4310 86.0
STl 142° 110,000 S TR0 400 80,0
14 700 1587 125,000 795. . - 3750 . 78,0
17 - 260 157 250,000 - - 1591 215" - - 43.0
C28 220 285 500,000 - 1756~ . . 17.0 7 34.0
T80 250 - 400 750,000 1875 SR -1 14.6
w8 230 Do B8 1 000 000 17300 6.0 . 12.0 .
G Control S e : ) . ! 49.0*-: el
B : . * Not zrradxated . o :
" NUCLEONICS
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:-: To determine whether different ratesof = -
a0k e _'X—ra,y dosage have different destructive _
; *- effects on. niacin when the total dosage L
' R . is’ kept constant, 2.5-ml samples of
£ 60 . niaein in concentrations_ of '50- miero-
= S grams pér ml were irradiated with total
.E wol L -dosages of 250,000 r at rates of 205 ~ -
A “and 1591 T per’ gee, ‘and with total .
F " dosages of 125, 000 t.at fates of 177 7 -
- 20 and 227 r. per sec.” The data obta.med _—

gl AR N Y
0_1'20_ 40 &0 80 100 .
"+ Conicentration of niocin (gamma/mi). '
R ..., before irradiation oo
FIG. 2. Effect of dilutien on niacin Te-
tention ‘after irradiation by lugh-voitage .
X-rays {250,000 roentgens) .

L. assay results are.'pfesented in’ Table 2-
- and depicted graphically in Fig. .-

-+ Wiacin concentration. § micrograms
per ‘ml . fn this experiment the con-

. centration of niacin was lowered from

- 1007 to, 5 rnierograms: per ml, and

©. samples were. irradiated to the extent

~~of 250,000 r. The results for this dilus
‘tion are compared in Table 8 and Fig. 2

| with those obtained - mth the higher
o _concentratmns of nigein,-

" Bffects of different rates of dosage: -

. are presented in Table 4

Eﬁects of dz_ﬁ’erent dosages of hzgh—' :
veltage X-rays on nidcin in thepresence ESENEIR

of other. compoundS'

_ ‘Forssberg (10), Dalé {5), Tyte!l and'.
Kersten: (28); and-others. have shown

that enzymes and orianie compounds

‘are protected” when ' irradisted- by

* X-rays in the presence of other com-:
pounds.  The: following' experimients .. =
were conduc‘aed {0 ‘detérmine whether:
niacin may be protected’ d in a sm:ular.' S

* manner,. ST :

Addition - of metl:uonme. S&mples--; S

(2.5 ml. each) of 2 mlxture containing

16 microgrims. per- ml of methlonme_' :
and 20 mierograms per ml of _niacin

and a 2.5.m] eontiol ssrple of 5'solu-""

T ABLE 3

EFEect of Dllutlon on Destructlon of Pure Soluilons of N]acm by HJgh-Voitage X-Rays_ ::' i

Volume irradiated. .. . RSN 2 5wl
Voltage., ... .......... . ..%. . 8 megavols

. Total dosage...-.._ ..... : 250,000'r0éntgens-' Sl
L S Retentign oL
. ) S CoLnn U Niaein Condendration of Niacin
Current™: - Time of - Rateof ~  Before: - After - After
: s micros - | Trradiation  Dosage - Irrod. Irrad, Irradiation
.. Sample . amperes - osec . r/se_c = T/m;. R ¥/l L AR
CToooa30 00198 12ea U100 o 1040 - 10000 -
U3 s 2800 2000 ¢ - 12800 90 UL 6408 72,00
17 S26000 . 0 1ET oT . 1804 B0 Y 2L.5 -0 43,0
S T eRe s 148 3784 T 10y 3.0 30.0
CE300 e 2300 <175 7 1430 . 5. - Sl 220 s

* Volume of Samp]e I ms.chated was 3 ml :-'

ONUCLEONICS © © v e




. o TABLE 4 - -
Effect of Dlﬁzreni Rates of Dosage of High-Voltage X-Rays on Nnacm in Pure So!utions -

Coneentration..... .. .. cviee. oo 50 y/ml .
Voltage... .. coiue e 3 megavolts
) Dosage Nigein after Itradiction
Current Time of :
co - mideres . Irradiation Total “ Rate - Concentration Retent'wn '
Sample amperes’ sec. roentgens r/see v/l - %
L .50 708 125,000 177 37. 5 75.0
2 100 538 125,000 297 37.5 75,0
4 90 849 250,000 - - 205 21.25 425
17 260 157 250,000 159E 21.5- 430
Control -~ .. ... v 50.0*

16

# Mot irradinted -

"tion containing 20 micrograms per ml
of niacin alone were irradiated by
250,000 r... Niacin determinations were
made after irradiation. (See Table 5.}

Addition of ascorbic acid. As facin
j¢ o stable molecule chemieally -and

radiobiologically, it was of interest to.
note what would be the effect of irradi-

ation -of a solution of niacin contain-

ing ascorbic acid. Therefore, 2.5-ml -

- samples  of solutions containing 50

mierograms per ml of niaein and 500

micrograms per ml of U.SE. ascorbic
acid (in 0.5 percent oxalic acid) were

irradiated by 125,000 and 250,000 r..
Solutions containing 50 micrograms per
ml of niacin alone in oxslic acid and .
500 micrograms per ml of ascorbie acid -
alone in cxalic acid were also made,
and 2.5-ml samples of these solutions
were irradiated by the same dosages.
The mixtures were then assayed for
nisein and ascorbic aeid contents. (See
Table 6.)

Ascorbic acid and dxfferent quantxtles
of niacin. To determine the minimal:
amounts of niacin that will “protect”
ascorbie acid from X-ray irradiations, -

: : . TABLE 5 . .
EFFect of ngh-Voltage X-Rays on Niacin lrradm\‘.ed in P;esznce “of Methlomne :

Volume.irradiated. .
Total dosage.......

2.5 ml
250,000 rcentgens

Voltage. .. .....- e 3 megavolts -
Conecentration of “Current  Time of Rate of Niacin after.fh*adiation
. Niacin Methionine micro- [ readiciion Dosage Concentration Retention
Sample y/mi ~v/ml . amperes sec r/sec w/ml %
24 20 16 200 . 195 1281 4.95 21.2
2 . 20.. _— 230. 166 1508 5.2 26.0
Control 20, © 16 .. e 20.0* 100.0%
’ ) = Not irladlated o o
NUCLEONICS




TABLE 6

" Effect of H!gh-Vo]tage b Rays on So]utlons oF ) )
‘U.S.P. Niacin, U.S.P. Ascorbic Acid, and on Mixtures of the Two '

Voltage. RS
 Current............

........ 3 megavolts
170 microamperes

’ Reféntidn a.fter o

e e Concentration
Concentration of Timeof . . after Irradiation Irradiation }
Ascorbic Irradia- Dosage Ascorbic, Ascorbic_
. Nidein  Aeid tion Total  Rate Niacin Acid = Niacin Aecid ©.
Sample y/ml yjml sec”  roenigens r/sec y/ml y/ml: T o, -
4 '__50 500 ... Control ... - 50.0¢ 490.0% R
6. 50 . 500 . 205 125,000 599 22.0 419.0 44 0 83.8 .
16 50 287 125,000 436 43.0 - - ...... 86, 0
2. L. 500 . 270 _ 125,000 . 463 el 333.0 66.6
15 500 500 542 250,000 462 12.5 392 25.0 78.4°
17 - 80 ... © 542 250,000 462 20.0 . ,.:i. . 40.0 '
1 R 500 - 250,000 453 e 279 .

500

E

* Not irradiated . -

2.5-ml samplés of mixtures containing
500 micrograms per ml of ascorbic acid
- and 33.3; 25, or. 10 micrograms per m)
of niacin, respectively, were irtadiated
by 125,000 1. - (See Table 7.}
Effect of high-voltage cathode rays on
niacin.in, pure solution:.

Different times of madxation.'

© 15, 80, 45, and 60 sec..

1 Fotr
small; stainless steel dishes containing’

3 ml of -a solution of U.S.P. niacin-
{100 micrograms per ml) were irfadi-
ated by eathode rays. produced at 3
million volts and 10 microamperes for
. Physical foniza~: -
tion measurements show that irradi-
ation for 60 sec at 10 microamperes is -

equivalent to approximately 3,400,0007. ...

Niaein determinations were made after -

TABLE 7

" Effect of ngh-Voitage X- Rays on-
Ascorbzc Acid Combmed wnh DlFFerent Amounts of Nlacm

Voltage. o

© Current; . .. A

. 3 megavolﬁs
180 microamperes
125,000 roentgens

: Concentration Retention after,
C’ancentmtwﬂ. of = after Irradiation. Irradiaiion .
.. Ascorbic .. Time of Rate of Asecorbic. . Ascorbic
foo U Niaein Acid Irmdwtwn Dosage Niacin Acid ‘Niaéin Acid -
Sample  v/ml - y/ml; - sec | r/sec .. y/ml y/ml % o
4° . 33.3, . 500. 183, R(ive 4.6 393 13.8. - 78.8
6 25.0 - 500 165. 758 3.6 402 . 4.4 80.4
15 10.0 500 167 749 - 3.0 392 - 30.0 78.4
- NUCLEONICS . 7.
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TABLE 8

%g. . Effect of High-Voltage Cathodé Rays '
-2 BOp . on Solutions of U S P. Nlacm St
g 40r Concentra.tlon. T w0, 100 'y/ml.
g . Volume 1rradlated. R 5 1111
"o 20p o R Voltage ........ Liedel o 3 miegavolts
0 15 3 45 - . i .
: - Time of xrrcdlgtldn (55005 * : © Nigein after
- nds). : : Time of TIrradiation
o HG 3 Etffectt of }élgh—voltage Galthg’de s Current ' Irradia: “Concen- Réten-
. ‘rays on reteation of mniacin in sofution - a
_ - (100 7y /ml) irradiated at 10 mmmamperes- g Sa,m 1s ;::Cz:es set;'r?ds t;ajzz;' m'(;n :
. . for different periods » D _ B
— — P G Control - - 0 I00%  100%
irradiation. - . (See Table 8 a_amd Fig.3)  “®m° . 10 .16 . 94 . 94"
Dilution” effect:  To help determine . €.~ 10. ~-380 - 79 - 79
whiether the degree of destruction of - é 0. . 45 . 55 85

' niaein by cathode rays is more severe |
in solutions of higher. dilution; 8-ml
- samples of niacin in conecentrations of

- 100, 80, 50, 25, and 10 miérograting per: . .

. mlwere Hra.dlated For 60 gec by cathode” -
rays: produced at 3 megavolts and ‘10

|- microamperes:

- were made after irradiation by the
(Seé' :

- Niacin determmatmns

mebhod: - previously : mentloned
- 'Table 9 zmd Fig. 4:) :

'-poundS' et

This" expemment was: deszgned to.

“determine the relatite radicsénsitivity

" of nigcin. per se-and In the presence

of ‘other “compounds.  Trradiation for-

-+ 60 sec with eathode rays at 10 miero- -
" amperes; was: carried “out on 3-mi

"~ samples of solutions, with: the results
shown in Table 10.- :

Dlscusswn of Results ..

. Eﬁfect of hzgh valiage X-rays on nigcin’ )

. U.8.P, niaein’ in 4 “¢oncentration of; L

100 micrograms: per inl. was' not: de-

- stroyed: by l—rays in dosages up'to - :

850,000 T.

Wlien- the coneentratlon of niacin in '_

the solution” was reduced to 50 micro-

grams per ;1 or less, partial destruction

: concentrated “solutions::

T 80+

Percent rer'enﬂo:n

107 B0 . 46 46
% Not irradiated - . : :

Was apparent with dosages of 100,000 ¥
or’ above.

geen in Fig. 1. -
U A'similar efect, of dllutlon wis noted w

“when solutions of nigein in concentra”
“tiong rangmg from 100to 5 mmrograms .
; . per tl were irradiated for 250,000 x..
. -Eﬁ’ect of hzgh uoliage cathode rays on’

" nigcin in’ the _inresence of oiher com-"

Niaciny. i’ apparently’ more -radio-
sensitive “in  dilute solutions “than. in
Th1s ﬁnd_mg'

o] S
" pok

Nel S ey : ":
8] 20 - 40 50
- Concentration ofmucan{gammu/ml)

~ pefore irradiation,

FIG 4. Efféct of cathode rays ptoduced B
. at 10 mmroamperes for 60 seconds. on: :
R solutmns of niacin of varying comcenfra- c

tmns

NUC_LE-ON[CS '

The ' degree of destruction ™ )
Cwag' apparently exponentlal as may be R

.IOO.'




resembles a radiation phenomencn ' ob-

- served by Dale (4) with: éarboxypep-
tidase, by Farssberg (9) Wlth catalase,
and by others.:

The results strongly suggest that,.
destruetion of hiacin by X-rays i8 the .
result of indirést action of the radic
ations. on. the: solvent rather than of

du*ect_ destruction “of the nisein by
“hits,”
preniisé ‘that ‘most’ of the molécules of
the solite that react to the radiatiozs
Have not bedh 'excited or ionized directly
by the ‘radiations but their reaction

follows the lomization of the solvent -
In the early liérature; this -
“aetivated
) This theory is in direct con-
"trast to the “hit” or “target” theory )

_. molecules.
_‘réaction is referred to as
-~ water.”

< or “Treffer Theorie,”. whereby. the
-'m'olecule or structuré in‘ which foniza-

tion is produced is designated as the’.
“target’’ and the productzon of 1onlza--_

" tion ag's “hit.” #

TABLE 9.

" Effect of H]gh-Voltage Catbode Rays on;:.

‘Solutions of Niacin. of D;fferent

Concentrat:ons

Voltage
Current.: .
Irradiation. .

i megavolts )
10 mmroamperes :

. The theory is based on the.

60 seconds'_ L

Concentration of Niacin, o
: Retentwn o

Befare. .. ..o After:
) Irradiation If'mdmtmn af Ni mcm-
Sample - y/ml T/ml L
SO 100 :
1 S 80
& o0 -
B 25!
B

‘10

there should be a competltive reactlon.
for. this: mtermediarv body when: B
vitainin is irradiated in-the presenee’of’
another golute, : Stch has been shown'

to be the case wﬂ_:h:ca,talase by Forss:
berg (10), with: éarboxypeptidase . by
Dale (4); with."acetylcholine: by :Dale

o H ‘the theory of derect actmn wﬁ;h
" the production’of sn intermediary body,
- -of finite life; is to be applied to vitamins, -

TABLE 10

EF&C* °f Hish-VOllage Cathode Rays on Nlacm Alone S
and on N:acm in ihe Presence of Other Compounds :

N 3 megavoit.s
10 mleroa.mperes
- 60 seconds

. Voltage .
Carrent.
Irradiation .

Concentmtmn before I rradiafion.

. Nigein after Trradiation.

EE Niacin Other compounds'r - Concentration::
Sainple. . . sy /ml 'y/ml ;
SG T 50G
E o428 S 12.9M
oo BT 338G
G* ST B 50 GO
TR i e a0 AT B0 O
o Control 10 o B0 T
" Contrel2: - 40 SRl
66.7 . o

- Control 3. - .
: ¥ 8ample E was irtadiated for 62 seconds R s M

t G = glyeine; M. = methionine; C = cystine; C = cystem:e - HCY:
I Not irradiated ' . - o S R

“NUCLEONICS. -
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(#),  and . with urease by . Tytell and .
-’ the sams, irtespective of the difference

Keraten (28). . ... o N

‘When niscin. was irradiated in the
‘presence of methionine, the: data show
that methionine eompeted- with niacin
for the ionized particles, but.the niacin
was -slightly more reactive with: the
activated waber and _“pro'te'cte'd”' the
methionine, The differénce in: niacin
destruction when niacin alons was
irradiated and when niacin. combined

with methionine was irradiated was not.

great enough, however, to justily sweep-
ing conclusions. . R

When niseln in combindtion with
aseorbic acid was irradiated by 125,000

and 250,000 1, the resulis were un-

expected.  Although ascorbic acid is a
- more labile molecule than niacin and
was more labile to X-rays when irradi-

. ated alone, when the two- combined

were irradiated by X-rays, the niaein

was de_s'troyed more Ijeadily_ than the.
asearhic acid. - Hencé ascorbic acid ap-

pears to be protected by niacin, One
may assume that niacin competes with
~ ascorbie acid -for the activated water

particies in this instance. - Niacin in

concentrations of as hitle ss 10 miero-~

grams - per. ml protected 500 micro-
grams per mal of ascorbie acid from
X-rays. S : :

‘Reference to the previous tables indi-.
_cates that the rate of dosage of X-wrays -

was not the same iiall instances, which
" “presents the possibility that the results
. obtained might be agcribed to this fact.

Accordingly an. experiment Was’con-
diteted in which solutions of niacin of .
~ 4 given concentration were irradiated.
by Kgays for total dosages of 250,000
and. 125,000 T, respectively, each total
dosage- being delivered ab two differ-
ent.rates. This was accomplished by
. ¢hanging the curreat.  For the total -

dosage of 125,000 1 the second of the
two Tates of dosage was increased 30%

over- the first rate, and for the fotal:
dossge of 250,000 r, 440%. The data -

chow that at a given total dosage the

SRET

Cmpon.
results and,  furthermore, may offer

net resulis in nizcin destruction were

in the rates of dosage, even when this
difference was as much as 440%.

Effect of high-voltage cathode rays on
niacin: IR o
Cathode rays produced at 10 micro-
amperes for as short a period as 15 -
seconds were destructive to niacin in
pure solution, even at concentration. ,
of -100- micrograms, per ml Hence
cathode rays may accomplish in a few
seconds what it takes X-rays minutes -
to do: Sy S ) .
. In-no- case. of cathode or [X-gay
irradiation iy - this investigation was

any noticeable heat produced in the -
samples. - This is to be expected, for ~

in an X-ray beam:of 1 sq cm there i
produced but 1078 to 107 calorie per .
sec (16). . o : :
The amount of destruction of niacm
by cathode rays increased with dilu-

. tion, as in the case of X-rays. There-
fore, it would seem - that the action of . -

cathode rays on niacin is indire¢t: _
Curves for the uliraviolet absorption

spectra of solutions of piacin (100 miero- . -

grams per ml), jrradiated. for 45 and
60 seconds by high-voltage cathode -

. rays at 10 microamperes, are presented
‘in Fig. 5. Irradiation, which resulted

in & loss of nisein as represented by the
Cyanogen-ammonia réaction, also re- .’
gulted in a slight shift in the absorption

maximum as compered with the ahsorp-"
“tion maximum of nonirradiated niacin,

namely, from 262 to 263 mu. The "

" minimum changed from 238-23% to

241 mp.  When niacin was irradiate&:,- .
the optical density increased from 270
Thesge data confirm the assay

gome possible means of detecting what-

happens to the niacin molecule upon: -

irradiation, for microchemical methods

are not feasible with such small quan- S ]

tities. TFurther work on this is in
progress.. . : ;
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FIG. 5. Effect of high- _voltage “cathode -

rays on ultraviolet absorption spectrum

of niacin in solution (100 v /ml) irradiated.

for 48 and 60 seconds at 10 microamperes

* Methionine protecfé& 'r_liécin- from
cathode rays. There was. a 20%. ré-
sention of niacin when it was irradiated

in the presence of methionine and only

7 a 109 retention when niacin was irradi-

presence of cysteine or eystine - than

. when irradiated anne by cathode ra,ys

Summary and Cancluﬂons :

_ 1. Pure solutmns_ 6f niacin ‘were _.
irradiated by X-rays and by cathode. .

rays produced at 3 megavolts, and the

degzee of retention of niacin after irradi-

. ation was measured.

: 2. Niacin in & concentratmn of 100' :
. mlcrograms per m] was not destroyed

by Xerays in total dosages between
125,000 and 850,000 r.

* 8. 'When the conéentration of niscin-

“was reduced to 50 micrograms per ml,

partial destructlon of the vitamin oc-

- NUCLEONICS -

Glycice offered no pro-:
~tection to niacin from eathode rays -
" There was a- greater. destruction of -
niacin’ when it was drradiated in- the:

Cniaein;

. -Lurred at X—ray dosages between 5{] 0(}0'_:
. and 100,000 r.
4, The percentage destructmn DE :

niaein of: this concentration was in-

creasingly greater with incréasing dos-. -

ages of X-raye between 50,000 -and

250,000 'r, but. at greater dosages the 5

destruction decreased, pércentagewise,
until it reached & cohstant level at dos-
ages between 750,000 and 1,000,000 r.

5. When the total X-ray dosage was
"250,000 r, the percentage destruction of -
niaein was greater for greater dilution -

of. vitamin, but the increased destruc-

tion was not linear with the dilution.
6. The effect produced on hiacin by

a given total dosage of X-rays was

independent of the rate of dosage up.
to at least five times the initial rate.
7. When nidein was irradiated by

X-rays in the presence of methionine,

niacin logs was slightly. greater than N

that when niacin was irradiated alone.
8. Niacin in the presence of ascorbie

acid was destroyed by, hard - X-rays
more readily than niacin - irradiated -
alone, atthough the ascorbic acid alone

wis more radicsensitive than the niacin
alone.

hard X-rays.
9. Ascorbic acid (500 micrograms

j)er ml) was protected from hard Xrrays
by as little as 10 mmrograms per ml of -

niacin.

10, ngh—voltage cathode rays had a.

destructive effect . on niacin In & con-

centration of 100 micrograms per rl..
im. as short a period of irradiation &s

15 seconds at 10.microaniperes. -

11; Increased time of exposure of -

niszein in this concentration to cathode-

.tay drradiation at 10 mhictoamperes re-

sulted in increased destruction of the

irradiation. -

12. Dilution of the niaein solutlons_
irradiated by high-voltage cathode rays
had the same effect on the retention of -

11

The rate of destruction was .
‘not linesr, however, with the time of

In the présence of niacin, as-
" corbic acid was. less radmsensmwe to




* niscin as was noted in the case of X-ray .

irradiation of dilute solutions. « The re-
lationship between the dilution and the

‘retention of njacin was not inear, but at.

low, concentrations was asymptotic.,
13. There was. & greater: rétention of

niscin when it was irradiated by eath- .

ode rays in the: presence of metliionine
thiin when it was irradiated alone. - The

reverse held true when niacin was irradi--

g ated with eysteine and eystine.- .
14. The action of both hard X—rays

[

~ oceurring compounds.’ J.. Gen.  Physiol;;
27, 69 (1943) . R
G L, Clark,  W. 8. Coe.. Photochemical

- and cathode rays on niacin appeared to o

be indirect:

15. Trradiation of mae}n by c&thode' ;
.- - vays resulted in-a change in the ultra-
- v1olet absorptmn spectrum.. '

¥ w
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